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© Polynucleotide hybridization assays employing catatyzed luminescence. 

© The present invention relates to a method for detecting a 
polynucleotide analyte in a sample which comprises: 

(a) contacting the sample, under hybridization condrtions. with 
a first and a second polynudeotide probe, the first probe 
having a catalyst attached thereto and the second probe 
having an apoiuminescer attached thereto, both probes being 
substantially complementafy to substantially mutually exclu- 
sive siogle-stranded regions of the analyte, such that upon 
hytxidization of both probes with the analyte. the catalyst and 
the aooluminescer are located close enough to each other to 
permit the catalyst to release from a substrate a transforma- 
tion radical that subsequently transforms the apoiuminescer to 
a luminesces 

(b) adding . the substrate for the catalyst, the substrate being 
capable of conversion to a transfonnation radical by the 
catalyst and the said radical being capable of converting the 
apoiuminescer to a luminescer; 

^(c) irradiating the sample with incident light within the absorp- 
^ tion spectrum of the luminescer; and 

^ (d) measunng the light emitted by the luminescer. 

in 

in Such a polynucleotide hybridization assay is particuiarfv 
W useful for detecting a polynucleotide analyte in a complex 
physiological sample. 
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"Polynudeotide hybridization assays employing catalyzed luminescence*" 



This invention relates to polynucleotide hybridization 
assays wherein a cataiyst-tabeled first pofynuclectide probe 
and an apoluminescer-iabeted second polynucleotide probe 
are both hybridized with a complementary target poly- 
nucleotide anaJyte in, for example, a physiotogical sample. 
A substrate is added to the sample and is converted by the 
catalyst to a transfomiation radical which in turn converts 
the apoluminescer to a luminescer. The sample is irradiated, 
and the incident light absorbed by the luminescer is reemrt- 
ted at a different wavelength. Such secondary emissions 
can occur only if hybridization has talcen place and hence, 
the presence of the target polynucleotide is related to the 
amount of secorxiary tight emitted. 

BACKGROUND OF THE INVENTION 

Polynucleotide hyt>ridizatton assays are used as re- 
search tods for the detection and identificatron of unique or 
specific polynucleotida sequences in samples of complete, 
fragmented, or mixed nudetc acid. Various hybridization 
diagnostic techniques have been developed. 

Southern, J. Mol. Biol.. aa:503 (1975), discloses a 
polynucleotide hybridization technique employing radiotabel- 
ed nucleic acid probes. This procedure permits autoradiog- 
raphic detection of probe/analyte hybrids and identification 
of the polynucleotide sequence of the analyte. However, the 
Southern procedure, as well as the other diagrrostic proce- 
dures employing radiolabeled nucleic acid probes, are very 
complex, time consuming, and have the additional problems 
and expenses generally assoctated with radioactive materi- 
als atch as personnel monitoring artd disposal. Thus, such 
assays have remained a tool of ba»c research and are not 
generally employed in applied or commerctai areas such as 
clinical diagnosis. 

Ward at aL, European Patert Application No. 
82301804.9, published June 4, 1982, discloses composi- 
tions useful as probes in biomedical research and recom- 
binant ONA technology, whermn said probes compnse 
purine, 7-deazapurine or pyrimidine convalentty coupled to 
a. moiety capable of forming a detectable complex with a 
polypeptide, said moiety being coupled to purine bases at 
the 8-position, to deazapurine bases at the 7-position, or to 
pyrimidine bases at the 5-p08ition to form a modified 
nucleotide. The resulting modified nucleotides are incor- 
porated into DNA by nick-translation techniques. 

Ranki, European Patent Application No. 82306489.5, 
published May 18, 1983. discloses a technique for the 
sandwich hytjridization of nucleic acids, said technique com- 
prising contacting singie-stranbed nucleic acid from a mi- 
croorganism with a pair of different nucleic acid reagents, 
both reagents of the pair being single-stranded and com- 
plemerrtary with the microorganism-derived nucietc acid and 
one of the pair being a nucleic acid fragment attached to a 
solid canier, such as a nitrocellulose filter, while the other is 
a nucleic acid fragmem labeled with a radioactive mariner, 
whereby a labeled hytxid is fonned attached to the solid 
carrier, for the ideruiftcation of a microorganism or group of 
microorganisms present in a sample. The conectness of the 
identification is tested by detection of the extent of formation 
of a labeled hybrid attached to the solid canier. 

Tchen et al.. PCT Application No. PCT/FR82/D0220. 
published July 7, 1983, disclose nucleic acid probe com- 
positions which have been chemically modified by the cova- 
lent attachment of at least one N-2-acetylaminofluorBne 



group to one of the bases of the nucleic acid. After hy- 
bridization with the target homologous nucietc acid se- 
quence, such hybridization may be detected by tfie use of 
enzyme-labeled antibodies. 

5 Kouriisky et al., PCT Application No. 

PCT/FR82AX)223, published July 7, 1983, disclose DNA 
molecules modified by covalent attachment of an oligomer 
of modified ribonudeotides, or a single modified 
ribonucleotide, which provides a means for coupltng a 

70 chemical capable of recognition by another molecule or 
product 

Co-pending and commonly assigned U.S. Application 
Serial No. 574,830, discloses polynucleotide probe com- 
positions which contain a polypeptide moiety capable of 

75 enzymatically activating a zymogen to initiate a detectable 
enzymatic reaction cascade. 

Falkow et al., U.S. Patent 4,358,535 issued November 
9, 1982, disclose a method for detecting the presence of a 
pathogen in a clinical sample by depositing and fixing said 

20 sample on* an inert support and hybridizing the genetic 
material of the target pathogen to a labeted-nudeic acid 
pnDbe. The label may be a radioisotope, a ligaHl, a 
fiuorescer, a chemiluminescer, an enzyme, or an antibody. 
Kourilsky St ai., U.K. Patent Application No. 7913031, 

25 published October 31, 1979, disclose a method for detect- 
ing the possible presence of a ONA fragment in a sample 
comprising the hybridization of the sought fragment with an 
RNA probe which is coupled to an enzyme either prior to or 
subsequent to the hytxxlization reaction. The possible pres- 

30 ence of the target nucleic acid sequence is reveaiable by 
the action of the enzyme-labeled hytxidization product on a 
chromogen substrate. 

Heller et al., Eunspean Patent Application Na 
82303701.5. published January 26, 1983, disclose a h^- 

35 erogeneous hybridization diagnostic nwthod which uses 
luminescer-iabeted, single-stranded polynucleotide reagents 
for hybridizing with imnx)bilized sample single-stranded poly- 
nucleotides. After separation of the unhybridized reagent, 
the sample is exposed to liglitAny subsequent light em»- 

40 sion is related to the amoum of target polynucieotide in the 
sample. The label n^ay be any of the well known lumines- 
cent systerro. 

Heller et aJ., Eurt^pean Patent Application Na 
82303699.1, published JUy 14, 1982, c&scHosB a hcano- 

45 geneous light-emitting hybridization assay wherein 
luminescer-iabeted first and second single-branded reagent 
segments we hybridized with a complementary target 
singie-stranded polynucleotide from a physiological sample 
such that nonradioactive energy transfer occurs between 

50 the labels of the two reagent segments. At least one of the 
labels is of the absortser/emitier type such that energy in the 
form of a photon absorbed from the other light label is 
re-emitted as a different waveler>gth. Such secondly emis- 
sions can only occur if hybridization has taken placaThis 

55 system, however, suffers the disadvantage of requiring two 
luminescer-labeled probes of absortDer/emittor character dis- 
tinct enough to be able to differentiate one from the other 
by photDToetric means. Such differentiation may be difficult 
in complex physiotogical samples. 

50 The enzyme catalyzed conversion of apoluminescer to 

luminescer is known. Brandt et al., Anal. Biochem.. U, 6 to 
9 (1965); and Keston et al. Anal. Siochem.. H. 1 to 5 
(1965); disclose the conversran of th nonfluorescent 
apofluorophore diacetyl 2\7'-dichIorofluorescen to a fluores- 

65 cent compound by hydrogen peroxide and peroxidase for 
the fluorometric arialysis of ultramicro quantities of hydrogen 
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P^acide^Quilbault et al. Anal. ChRm 43 (S). 1255 to 1263 
968 : Brwvoll Ag:^ Qh^fn. Scarv^ 2i_ (3,. 820 to 821 
(1967). and GuilbauK ei a)., Anal. Chftm. (2) 271 
(1967). disclose the conversion of the nonfluor^scent 
apofluorophores homovanillic acid, p-hydoxyphenyl-acelic 
aad. tyrosine or tyramine to a fluorescent compound by 
hydrogen peroxide and peroxidase for the fluorometric ana- 
lysis of ultramicro quantities of hydrogen peroxide. Cathcart 
y- m 111 to lie (1983). discloses the 

conversion of nonfluorescent apofluorophores to fluorescent 
compounds Oy hydrogen peroxide and hematin for the 
fluorometnc detection of picomole levels of hydrogen perox- 
•oe. The Cathcart reference also discloses that alternate 
peroxides couid be employed in place of hydrogen peroxide 
as the substrate for peroxidase or hematin. None of the 
above references disclose or suggest the use of 
apofluorophores as labels for polynucleotide probes 

There is a need in the area of clinical diagnostics for a 
nonradiometric homogeneous assay which is fast, simple to 
cany out. highly specific and highly sensitive. The assay of 
me present invention fulfills this need. 

Accanding to one aspect of the present invention, we oro- 
vide a polynudeotida probe of the formula 

(Y.™Y„) 

wherein Y, through Y„ are the same or different nucleotide 
nweties which collectiveV form a polynucleotide sequence 
substantialV complementary to a single-stranded region of a 
target polynucleotide analyte; provided that at least one of 
nucleotide moieties Y, through Y„ comprises a nucleotide 
having an apoluminescer attached thereto. 

A^rding to a further aspect of the present invention, we 
provide a polynucleotide probe composition comprising two 
polynucleotide probes of the fbmtulae 

(X.— X„) and(Y.— -Yn) 

wherein 



n is an integer generally within the range 2 to about 500; 

are the same or diffefert, are 
nucleotide moieties which coHectively form a polynucleotide 
sequenre substantially complememary to a ssigte-stranded 
rogwn of a target polynucleotide analyte A; provided that at 
teart ore of nucleotide moieties X. through X„ comprises a 
nwty Z where Z comprises a nucleotide having a catalyst 
attoched thereto capable of generation, from a substrate, of 
atransformation radical which, in tum. is capable of trans- 
romiing an apoluminescer into a luminescer; and 

n,'«si!Il^^'' are the same or different, are 

nudeotide moieties which collectively form a polynucleotide 
Wnce substantially complementaiy to a single-stranded 
^wn of polynucleotide analyte A different from, but proxi- 

^ l^tT" '° ^''^^ ^' conipteVnen- 
tery: prowled that at least one of nucleotide moieties Y, 

JIS^"^""'^ ^ """^ ^' 2" ""-prises a 

nudeotde having an apoluminescer attached thereto oa- 

^'"^ trensfomied into a luminescer by the trans- 
omratton radical generated by the activity of the catalyst of 

further provided that (X.-X„) and (Y.-.-Y„are selected 



such that upon hybridization with A, the catalyst of 
(X.-"X„) IS soffbentty proxinnate the apoluminescer of ( 
Y.-Yn ) to effect the desired transformaton of 
apoluminescer to luminescer upon introduction of the aporo- 
pnate substrate. ^ 



in M . ^^^^ invention also relates to a method for 
70 detecting the presence of a target poJynucleotide analyte in 

a sample, especially a physiological sample, wherein the 

method comprises: 

(a) contecting the sample, under hybridization conditions 

a first and a second polynucleotide probe, the first 
probe having a catalyst attached thereto and the second 
probe having an apoluminescer attached thereto, both 
probes being substantially complementanr to substantially 
mutually exclusive single-stranded regions of the analyte 
20 such that upon hybridization of both probes with the analyte 
the catalyst and the apoluminescer are located close 
enough to each other to pemDit.the catalyst to release from 
a substrate a transformation radical that subsequently trans- 
forms the apoluminescer to a luminescer 

25 

(b) adding the substrate for the catalyst the substrate beinq 
capable of convawn to a transformation radical by the 
catalyst and the said radical being capable of com^erting the 
apoluminescer to a luminescer 

30 

(c) irradiating the sample with incidem light within the ab- 
sorption spectrum of the luminescer and 



35 



40 



(d) measuring the light emitted by the luminescer. 

The subject invention also relates to a kit for detectinQ 
the presence of a target polynucleotide analyte in a sample 
espeaaily a physiolo^ sample, which comprises: 

(a)a first polynucleotide probe having a catalyst attached 
thereto and which is substantially complementary to a first 
single-stranded region of the analyte; 

45 (b) a second polynucleotide probe having an apoluminescer 
attached thereto and which is sut>stantiaily complementary 
to a second single-stranded region of the analyte- the 
seccxKJ region being substantially mutually exclushm from 
me first region, but close er>ough thereto such that upon 

50 hybndization of the first and second probes with the anaMe 
^^J^^ ^ ^ apoluminescer are close enouS^ ttJ 
each omer to penrriit the catalyst to release from a substrate 
a transformation radical that subsequently converts the 
apoluminescer to a luminescer; and preferably 

55 

(c) a substrate for the catalyst the substrate being capable 
conversion to a transformation radical by the catalyst and 
the said radical being capable of converting the 
apoluminescer to a luminescer 

60 



65 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides polynucteotide probe 
compositions, diagnostic kits, and nonradiometnc hybridiza- 
tton assays useful in the detection and iderttificaton of at 
least one target polynucleotid analyte in a physiotogrcal 
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sample. The sensitivity and specificity o1 the probeSt kits, 
and assays of the present invention render them widely 
useful in clinical diagnosis and biological research. Exam- 
pies of uses for the probes, kits and assays of the present 
invention include characterization of genetic disorderst de- 
tection of particular viaises, microbes or other organisms, 
and identification of specific nucleotide base sequences. 

As used herein, the tenn "^target polynucleotide an- 
atyte" refers to a segment of stngte-stranded polynucleotide 
having a nucleotide base sequence corresponding to a 
genetic elemem whose presence in a sample, e.g. a phys- 
iological sample is to be detected and/or identrfied. 

As used herein, the term "substantially compiemen- 
tary" refers to sufficient nucleotide base sequerv:e homol- 
ogy between a polynucleotide probe and its target anaiyte 
to permit fomiation of stable probe-analyte hybrids 

As used herein, the term "physiological sample" 
means a sample of blood, urine or other biological tssue, 
either unpnx»ssed or processed, containing the DNA or 
RNA of interest 

As used herein, the term "substantially mutually exciu- 
sive** means that upon hybridization of the first and second 
probes with the target anaiyte, the two probes ^ould not 
compete for the same nucleotide base sequence on the 
anaiyte to the extent that hyt)ridi2ation is prevented. In one 
particular emtxxiiment, spacing of the two DNA probes 
would have the 3' -terminal nudeottde of the first probe 
approximately ten bases away from the 5'-tenninal 
nucleotide of the second probe. This will space the termini 
such that they are on the same side of the helix and thus 
position the catalyst and apduminscer groups in the most 
favorable position with respect to each other. 

As used herein, the term "hybridization conditions" 
means those conditions which will enable the first and 
second probes to form stat»»e probe-analyte hybrids. The 
proper hybridization conditions will be determined by the 
nature of the catalyst and apduminescer employed, the 
length of the polynucleotide probes and the guanosine plus 
cytosine content of the probes and the target polynucleotide 
anaiyte. 

The term "fluorescent* generally refers to luminescent 
compounds having the characteristic of re-emitting absorbed 
incident energy in about lO's to 10" 3 seconds, while the 
term "pho^horescent" refers to luminescent compounds 
which take longer, to ra-emtt ab3ort)ed inddem energy. Also, 
depending upon the source of incident energy {ue. photons, 
charged particles, chemical phenomena etc.) luminescent 
compounds are refemed to as chemtluminescent, 
bioluminescent, electroluminescent, photoluminescent etc 

The term **apoluminescer* refers to any noniumines- 
cent compound which, upon activation by a "transfonnation 
radical", converts to a luminescer. Likewise, the term 
"catBtyst* as used herein refers to a moiecutar species (&g. 
an enzyme) or composition capatile of releasing an appro- 
priate transformation radical from a sut>strat8. 

For example, a hydroxy (OH") transformation radical 
can be produced by a number of well known catalysis (e.g., 
horseradish peroxklase, hematin, metal cations, espeoialty 
EDTA-Fe III complexes, microperoxidase. and other redox 
enzymes} acting upon an appropriate substrate (e.g., molec- 
ular oxygen, hydrogen peroxide, MEOOH, ElOOH, 
l-butylhydroperoxide, linoleic hydroperoxide, cholesterol 
S-hydroperoxkie and cumen hydroperoxkle). The (OH") 
radical will then convert the apoluminescer to the cor- 
responding luminescer (e.g. activated diacetyldich- 
lorofluorescin to dichiorofluorescin, homovarillic acid to 
2.2'-dihydraxy-3,3'-dimethoxyt5iphenyl-5,5'-diacetic acid, q 
-hydroxyphenyt-acetic acki to 



2,2'-dihydroxybiphenyl-5,5*-diacetic acid, tyrosine to 
2,2'-dihydroxybiphenyl-5,5'-dialanine, tyramina to 
2,2'-dihydroxybiphenyl-5,5*-diethyiamine, luminol to 
3-aminophthaiic add plus light and fi-hydroxyproprionic acid 

6 to 2,2'-dihydroxybiphenyl-5,5'-dipropkyiic acid). 

These catalysts, substrates and apolumir>escers are 
readily available from many comrr>ercjal sources. 

As used herein, "polynucleotkle'* refers to a polymer of 
ribonucleic ackl (BNA) or deoxyribonudek: acid (DMA), 

70 whu^h can be single- or double-stranded, optionaUy incor- 
porating or comprising synthetic non-natural, or altered 
nudeotk^ capable of incorporation into DNA or RNA 
polymers. Probe potynudeotides, can be convenientiy iso- 
lated in useful quantities by cloning and amplrfication of 

75 polynucleotide sequences complementary to target poly- 
nucleotides in plasmkJ or phage vectors, using techniques 
that are now conventional to those skilled in the art A 
useful reference covering most aspects of DNA manipula- 
tion is Maniatis et al., Mgl^iy Qfyiing, A U^fm^SSl 

20 Manual. (Cold Spring Harbor Laboratory. 1982). the discto- 
sure of whk^h is irKX)rporated herein by reference. 

An exemplary doning vehicle for production of useful 
quantities of probe potynudeotides is plasmk:! pBR322 
(ATCC 37017), which is described in detail by Rodnquaz, 

25 dt a., in Mdacular Cloning of Recombinam DNA. (Scott, 
ed. Academic Press, New Yorii, 1977, p. 73). Thie piaamkl 
contains single Pstl. Sam l. EcoRI. H jnc j lll. and Sa9 reaaic- 
tion endonudease recognition sites, in additbn to genes 
confening resistance to the antibiotics tetracydtne am- 

30 ptdtlin Plasmtd pBR322 DNA can be amplrfiad by growth of 
bacterial celts containing this plasmkl in the presence of 
chkyamphenicol (170 pgymi) according to the method of 
Clewell, J. BactBrid. ilfl:667 (1972); and purified by the 
deared lysate procedure of Guerry et at. J. BacterioL 

35 llg:l064 (1973), prior to digestion with an appr op r ia te 
endonudeaae. For example, digestion with InactlvatBs 
the ampidllin resistance marker and generates 'sticky 
ends* suitable for ligation to a probe polynudeotide sindarly 
deaved with Psf, The resulting recombinant ptasrrad can 

40 tiian be empk^yed to transfomn a suitable host bacterium, 
e.Q., E. cdi K12 or HB101. Upon growtii in the presence of 
chkjramphenfcol, high piasmki copy numbers can be at- 
tained and the recombinant ptasmid DNA isdatad and puri- 
fied as previously described. 

45 However, a particutarty preferred vector for pnoductton 

of probe polynudeotides is a cdiphaoe, M13, (ATCC 
15669-81) whk:h, like pBR322. is now commercially avail- 
able (New England Nuclear Con^oration, Boston, Massa- 
chusetts, USA). DNA fragments obtained by c£gestian of 

50 phage ONA and DNA complementary to a target DNA of 
interest can be jdned, amplified, and subsequerrtiy purified 
in single-stranded fomtThe use of M13 phage as a cksrmQ 
vehicte has been described by Messing, Recombinant DNA 
Tech, Bull . g:43, (1979). the disdosure of which is hereby 

55 inconx)rated by reference. 

Z and Z' of tiie present invention are nucleotide moiet- 
ies within pc,--Xn) and (Y,--Ynre8pectiveiy. Of course, 
the catalyst and apoluminescer of Z and Z' need be dose 
enough together (after hybridization of (X,— Xn) and ( 

60 X,™Yn) witti the target anaiyte) so that the transformati on 
radical resulting from tiie activity of the catalyst can tians- 
form the apduminescer to a luminescer.ln this regard, the 
placement of Z and Z* on probes (X,™Xn) and (Y.—Y „) 
shouW resutt after hybridization, in Z and Z' being no more 

66 than about 100 base-pairs apart Preferably, Z and Z' are 
located at the 3' terminal position of (X,— Xn) and the 5' 
tenninal position of (Y,— Yn) respectively (or vice versa) so 
that upon hybridization of both probes with the target an- 
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atyte the labeled 3* terminal position of one of the probes 
.^""^ continuous (lined up head to tail) with the 
labeled 5 terminal position of the other probe. Thus if the 
caialyst-labeled probe .s labeled at its 3' terminal position 
the apoluminescer-labeled probe should be labeled at its 5' 
temiinal position so that after hybridization, the catalyst is 
wrthin none or a few anaiyte nucleotide base pairing spaces 
of the apoluminescer 



Z and T can be independent nucleotide units which 
are inserted by known techniques (e.g.. nick-transiation or 
direct synthetic routes) into the poVnucleotide precursors of 
(X.-Xn) and {Y.-"Yn) respectively, or a nucleotide within 
either or both of the polynucleotide precursors of (X —X ) 
and (Y.-Yn) may be modified to produce 2 or'r L 
appropnate. Z and T are nucleotide moieties of the formula 



a- 



wherein 
Ri is BRS; 
where 

B is a tjase residue; and 

R8 is H or T, Where T is a catalyst in the case of Z. and an 
apoluniinescer in the case of Z"; 

H2 and R3 are H. OH. T. a phosphate group or groups, an 
adi^t nucleotde moiety, a phosphate group covalently 
linked to a morety T or to an adjacent nucleotide moiety or 
a phosphate group covatenily linked to a moiety T and an 
adiacant nucleotide moiety; and ■ ana an 

R* IS H, OH, a phosphate group, or T. 



Thus for at least one of nucleotide moieties X, through Xn 
n ;fir ^ T (a catalyst), and for at least one^ 
nucleotide moieties Y, through Yn. Ri « BRs and Rs is T 
(an apouminascer); or, alternatively, R2 Rs, or R-« com- 
pnses a moiety T. ' . . « n com 



r* "ucleotides are covalently linked by formation 

Of 3 -5 phosphodlester Ixjnds. Subscript n. indicating the 
ZlS^^K? '^J^^' or unmodified, is an integer 

generaiv within the range 2 to about 500. Preferably ^li 
have a value between 5 and SO. In general, probes com- 
C w^f^"!®"*". °"9°""oleotides will consist of relatively 
fe*, total nucleotKles. while probes derived from nucieic^^ 

nSLdT"^ ' °' ^ 

Base residue B can be any purine, modified purine. 
Pynmidine, or modified pyrimidine base capable of stable 
incofporation into a single-stranded polynucleotide without 

^ S '""^"3 °' mrpoVnucL^rto 

torn hybnds with arget polynucleotides having substantial 
camplem^tarity. However, a common feature of all ba^ 
residues B useful in the present invention is a point or 
pants suitable for attachment, preferably covalenTof a 



catalyst or an apoluminscer as the case may be Thus 
25 apart fiom the "classic- bases adenine, guanine, cytosine' 
uraal and thymine, other, less common bases, ao' 
5-methylcytosine. S-hydroxymethylcytosine. orotic acid 
rnatves. methylated bases, e.g.. i -methylguanine. etc.. can 
optionally be incorporated into the probes of the present 
30 invention. H«»«>m 

Further, nucleotides Z and Z' can optionally comprise 
vanous substituents, which can be linked to either base or 
sugar portions, and which do not deletariously affect the 

capability of the resulting polynucleotide to form hybrids with 

35 complementary target polynucleotides. 

Polymer "tails" comprising a number of nudeotktes 
appropnae for conjugation to catalyst or apoluminescer can 
be added to pnobe polynudeotktes by use of caff-thymus 
temwal deoxynucteotidyl transferase (TdT). which catalyzes 

« the addition of daoxynuclaotides to the 3'-hydraxyl ends of 
angle- or doubte-sttanded DNA, as disclosed by Roychoud- 
Huiy et al.. Nucleic Ariris 3:101 (1976). 

The catalysts and apduminescars can be coupled via 
a 5 phosphate or 3" hydroxyl linkage to one or more 

'^■-'^"^ (Y'-Y"). or, in the 
attwnative, direcfly or by an ester or other linking group to a 
2 . 3 or 5 carbon atom of one or more of such nucleotide 
moietjes. 

Alternatively, the catalysts and apduminescers can be 
^ through crosslinker or linking 

?;;°fs""Ker- or "linking group" refers to a moie^ 
ci8nv«i__from a bifunotional molecule R'-L-R", wherBin R' 
and R are the same or different and represent such 

« ^^^^^ ? ■^'O'R' •'here fl' 

55 and/or R « far example, Z-hydnwypyhdine. N- 
bydroxysuccinimwe. -CO.Me. or other active osteri. ac- 
y^imidazole. maleimide. . trifluofoacetate. diketene. Im- 
idoesta^. sulfonate eaters. imine. -CHO 
l,2-cyc)ohexan8dione, glyoxal, sulfenyl halides, alpha haki 
60 keffines, azide. etc, and L is an alkylene or substituted 
dkyleno group preferably of at least ttiree carbon atoms. 

substitiitad with such common 
substrtuents as hakDgen. (I, Br, CI, F). hydroxy, cyano. 

^TLT'^I and others. Further. 

65 the alkylene chain of linker L can be intemipted by one o^ 
more bivalent groups, e.g.. -0-. -S-. -NH-. -CH-CH- 

i^'!^"^ ■!?;■■ ^ '""«*o"al group R' 

must be capable of forming, under appropriate conditions, a 
covalent bond witii a nitrogen or carbon atom of base 
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residue B, a caitxm atom on the sugar moiety (5'-c), or the 
OH of the 3*-c, and functional group R" must be capable of 
forming, under appropriate conditions, a covalent bond with 
a side chain or temiinal amino, cartoxyl, suffhydryl, or 
carbohydrate group of the cataiyst or apoluminescer.Thus, 
bifunctional molecule R'-L-R" is reacted by appropriate 
techniques with a base (or sugar) residue or modified base 
(or sugar) residue of a nucJeotide forming a conjugate of 
base residue B (or sugar) and said nucieotide joined by an 
amide, ester, amine, imine. sulfonamide, thioester, phos- 
phate, or thiophosphate Hnking group L, collectiveiy forming 
moiety Z or Z* as the case may be. Cleariy, the choice of 
linking group R*-L-R" and a particular conjugation chemistry 
must reflect the need to preserve other macromolecuiar 
bonds critical to the integrity of the resulting probe molecule, 
i.e., peptide, N-glycosidiCt and phosphodiester bonds. 

Examples of bifunctional molecules include N- 
succinimidyl 4-glyoxalylbenzoate. carbonyl imidazote, 
dimethyl suberimidate, 
i-ethyl,3-dimethylaminopropylcarbodiimide (EDAC), para- 
nitrophenyl 3-{2-bromo,3-kBtobutylsutfonyt)propionate or oth- 
er active esters, glutaraldehyde, substituted alkenes of the 
general fomiula NH,(CH,) „NH,. and other suitable 
equivalents. 

After hybridization, a substrate for the catalyst is ad- 
ded. The cadatyst then acts upon the substrate and convois 
it to a transformation radical. It is important to remember 
that the substantially mutually exclusive regions of the target 
analyte to which the labeled probes have hybridized must 
be sufficiently close enough to permit the radical, generated 
by the catalyst's action on an appropriate substrate, to 
convert the apoluminescer to a kiminescer. 

After hybridization has taken place, the sample must 
be exposed to a means for exciting the luminescer. This 
can generally be accomplished by irradiating the sample 
with tfe appropriate light wavelength. By "appropriate" is 
meant a wavelength within the absorption spectrum of the 
luminescer. if the kiminescer is present in the sample, it will 
absorb the light energy and re-emit such energy as light of 
a different wavelength. The detection of this light response 
can be accomplished with numerous detection devices 
which are commercially avail^e e.g., a spectrofluorimeter. 
Such secondaiv emissions of light energy can only occur if 
hytsridtzalion has taken place. Hence, the presence of the 
target nucleotide analyte is indicated by such secondary 
emissions, and the amount of target nucleotide anaiyte in 
the sample is related to the amount of secondary tight 
emitted. 

The present invemion provides kits for detecting the 
presence of at least one target potynudeotide analyte in a 
sample, partcularty a physiological sample. By the term 
"kit* is meant a packaged combination of containers holding 
the necessary reagent elements for detecting the presence 
of at least one target analyte. 

Where more than one target analyte is sought, the krt 
must comprise a multiple of catalyst-labeled probes within 
which there is or>e catalyst-labeled probe that is substan- 
tially complimentary to a first single-stranded region of each 
target analyte. The catalyst label employed may be the 
same or differem for each target analyte. The kit must also 
comprise a multiple of apduminescer-labeJed probes within 
which there is one labeled probe that is substantially com- 
plimentajy to a .second single-stranded region of each target 
analyte, the second region being substantially mutually ex- 
clusive from th first region. The apoluminescer label used 



must be different for each target analyte. Finally, the kit 
must also comprise a substrate for the catalyst label(s). 
wherein the substrate is capat)le of conversion to a trans- 
formation radrcal by the catalyst(s). 
5 The fofiowing Examples illustrate various aspects and 

embodiments of the subject invention. In the Examples, all 
parts and percentages are by weight unless otTterwise in- 
dicated. 

10 EXAMPLES 



Preparation of DNA probes I and II 

75 DNA probe I (DNA PI) is prepared by synthetic 

oligonucleotide synthesis as commonly performed. It is a 50 
base sequence comssponding to the M13 mp8 region des- 
ignated from residue 976 to residue 1025. The sequence is: 
5'..AGGTCQACGGATCCCGGGGAATTCGTAA TCATQ- 

20 GTCATAGCTGTTTCCTG...3*. This sequence is present in 
the M13 mp8 genome but is absent from the wikJ type 
phage. 

DNA. probe II (DNA Dll) is also prepared by standard 
synthetic oligonucleotide synthesis techniques. It is also a 

25 50 base oligomer which corresponds to residues 1035 to 
1084 of M13mpaDNA. The sequence is: 5V.-C3TTA 
TCCGCTCACAATTGCACACAACATACGAGCCGQAGC- 
ATAAAGTGTA...3', This sequence is also absent from tiie 
wikj type phage. The intervening sequence from the 

30 S'-tenninal nucieotide of DNA PI to the S'-terminai residue 
of DNA Pll is 10 nucleotides although it couM be as few as 
1 or as many as 50. The 5'-phosphabe form of these 
oligomers is prepared by standard synthetic or enzymatic 
procedures. 

35 

Preparation of rG tailed probe DNA 

This procedure foltows the method of Roychoudwy, 
Jay and Wu (Nucleic Adds Research, 2:101-106 (1976)), 

40 100 yg of DNA PI (or DNA Pll) (^4 x lO'S motes 
3'-ends/ml) and 1.3 x 10"S moles/mt of guanosine 
5*-triph08phate (GTP) are incubated with 1 x 10« units /mi 
of terminal deoxyribonucJeotide transferase in a volume of 
250 pi of 140 mM potassium cacodylate (pH 7.6) contain- 

46 ing 20 mM tris-HGl. 0.1 mt^ dithkathraitol and V rrtM cobalt 
chloride for 4 hours at 37*0. The nudeic ackl is isolated by 
filti'ation through a 1 x 15 cm Sephadex Q-25 ccAimn 
eluted with distilled water. Analysis of the reaction by mn- 
ning a comparison reaction witii [3H]-labeled GTP indfcates 

50 the number of guanosine ribonucleotide residues added. 
This can be done in an analogous manner with Dt4A Pll. 

EXAMPLE I 

55 

HRP AS CATALYST. DADCAFI AS APOLUMINSCER. 
(0H-) AS TRANSFORMATION RADICAL 



SO Conjugation of Horseradish Peroxidase to Ribonucleotide 
Tailed Polydeoxyribonudeotides: 

100 pg of DNA PI-rG (or DNA PlI-rG) tailed DNA 
(606 nrndes 3'-ends/ml) is incubated in O.l mMote/ml so- 
65 dium meta periodate (NalOO for 30 minutes at 22'C- 
Horseradish peroxkjase is added to a concentratkxt of 60.6 
nmoles/mt with the nuclek: acid concentration now adjusted 
to 202 nnnoles 3'-ends/ml and tiie mixture tncubated for 2 
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hours at 25'C. Sodium borohydride (NaBH.) is now added 
to a final concentration of 0.375 Mmoles/ml. with a final 
nucleic acid concentraaon of 1S1 nmoles a'-ends/ml. and 
me reaction is mcutated for 3 hours at 4»c. The mixture is 
diaJyzed against 10 mM KPO. (pH 7.4) containing 100 mM 
Naci at 4'C. The resulting mijaure is separated on a 0 7 x 
50 cm column containing Sephadex G-1OO by elution 
against the same buffer. Product DNA Pl-HRP conjugate is 
Identified in fractions absorbing at 260 nm, containing [3H1 
activity and peroxidase activity as confirmed by assay 
against diacetyl dictilorofluorBsdn. 

^r^'!'?^^^2? °* 2',7--diohloro-5-am.nofluore3cin diacetate 
(DADCAFI) 3'-end conjugates: 

Synthesis of the DADCAFI apofluorochrome precedes 
^ °' Steinbach (Acta Histochem. 49: 

19-34. 1974). 100 g of 4-nitrophthalic acid and 100 g of 
4-chlororesoricinol are mixed and melted at ISCC lor 4 
hours. After cooling the mixture is lineV ground and sus- 
pended in 200 ml of boiling 0.6N HCI. The insoluble crude 
2 .7 -dichloro-5-nitrofIuorescin is filtered in a buohner funnel 
washed with 51 of boiling water and dried at 100*0 100 g 
of the crude material is dissolved in 250 g of acetic anhy- 

'^f. ..^ '^"^ ''^ 2 hours. Pure 
2.7.dichloro-5.nitrofluorescin crystallizes by cooling to 
4 The compound is recovered by filtration in a buchner 
funnel and vacuum-drying al room temperature. 

Reduction of 2'.7'-dichloro-5-nitrDfluorescin diacetate is 
perfomied as per thie procedure of R. Brandt and A. Keston 
n!!^^ Biochemistry 11: 6-9, 1965). Five grams 
(0.0094 moles) of 2'.7'.dichloro-5.rtittDfhJoresdn diacetete is 
dasolvod m 195 ml of boiling ethanol to which 1.74 moles 
of glaaal acetic acid is added. Five 2-gram portions of zinc 

^'^ ^ «^ tof 10 minutes. 

Another five grams of anc dust is added and the mixture is 
stirred for 10 minutes more. The anc is removed by filtra- 
txjn and the resulting 2*,7'-dichloro-5-amino<luorescin dia- 
«ate (DADCAFI) recovered by precipitation from chlo- 
roform followed by vacuum filtration and drying. Verification 
Of the compound structure is made by NMR. IR, and MS 
analysis. 

n^J'^. !1S 3--ends/ml) of DNA probe l-rQ (or 

DNA Pll-rG) is incubated in 0.1 mmdemil of sodium meta 
penodate for 30 minutes at 22»C. Sodium bicarbonate- 
cartonate buffer (pH 9.S) is added to a concentration of 0.1 
mmole/ml. DADCAFI is added to a concentration of 20 2 
pmolawmi (with the concentration of DNA now at 202 
nmoles 3'-ends/ml). Sodium borohydride is added to a 
oofxamration of 375 pmole/ml. with a final DNA conoentra- 
bon of 151 nmoles 3'-ends/ml. The mixture is incubated at 
4 c for 3 hours. The resulting mixture is purified by fUtration 
Ta nT^n fu°^ """"" Chromatography, eluting with 
10 mM KPO. (pH 7.4) containing 100 mM NACI. Verifica- 
oon of the conjugation is made by 260 nm analysis, and 
assaying for fluorescence by first activating the apofluoroch- 
rome by treatment in 0.01 N NaOH. neutralizing and adding 
HRP and H,0, and watching for the developmem of 
nuoroscence emission at 520 nm. 

Preparation of HRP 5'-P-DNA Probe: 

3' Jh°c?^. "> X 10-e mole 

3 -ends/ml) ,s incubated with 1 x lO" ♦ mole/ml of EDAC in 
1 X 10 5 mo\e/m\ morpholine sulfonic acid (MES). pH so 
or 1 hair. HRP is added to a final concentration of 3 x 
10 J mole/ml in a final concentration of sodium bicarbonate- 
cartxjnate buffer (pH 9.5) of 1 x 10-4 ^le/ml. with a final 



DNA concentration of 3 x lO's 3'-ends/ml. The mixture is 
allowed to incubate for 12 hours at 22«C. Purification is 
axomplished by chromatography on a 2 x 50 cm 
Sephadex G-lOO column eluted with 10 mM KPO (pH 
7.4). containing 100 mM NaCI. * 

Preparation of DADCAFI 5'-P-DNA Probe: 

100 w of 5--P-DNA PI (or II) (2.4 x 10" « mole 
3 -ends/ml) is incubated with 1 x i0-« mole/ml of EDAC in 
1 X 10-s mole/ml MES buffer. (pH 5.O) for 1 hour OAD- 
UAFi IS added to a final concentration of 3 x 10" ' molaftnl 
in a final concemration of sodium bicaitonate-carbonate 
buffer (pH 9.5) of 1 x lO"* mole/ml, with a final DNA 
concentration of 3 x lO's mole 3'-ends/ml. The mixture is 
allowed to incubate for 12 hours at 22'C. Purification is 
axomplished by chromatography on a 2 x 50 cm 
Sephadex G-100 column eluted with 10 mM KPO. (dH 
7.4). containing 100 mM NaCI. 

Detection of M13 mp8 DNA: 

Activation of DADCAFI conjugated Probe I or II DNA 
IS accomplished by incubating the probe in 0.01 N NaOH 
for 30 minutes at 22«C. The pH is then neutralized by 
dilution into 10 mM KPO. (pH 7.0). 

54 |jg Of DNA Probe l-rQ-HRP and 54 pg of DNA 
PfObe-5'-P-DADCAFl are incubated with M13 mp8 DNA 
(0.1 lig to 1.0 pg) in 100 (jl of lOmM KPO. (pH 7 0) 
containing 100 mM NaCI at 22'C for 1 hour. H.O. is 

V.TTn"^ V ' W adding 2 Ml of 
5.1 X 10 6 M H,0,. The samples an vortaxed and 
atow^ to incubate for one hour at 22«C. Presence of M13 
mpa DNA IS verified by exciting the samples in a micro- 
cuvette at 500 nm and observing the resulting 520 nm 

QfTHSSlOn. 

Simiiarty. a system could be utilized wherBby DNA 
probe I IS rG-OADCAFI and DNA probe II is 5'P-HRP. 

^ EXAMPLE II 



l^^T-.^^e*^^'^^'"^^"^' TYRAMINE AS APOLUMINSCER. 
(OH ) AS TRANSFORMATION RADICAL 
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Preparation of Tyramine conjugated to probe DNA-rG: 

nK.A^2?, 3'-ends/ml) of DNA probe LrG (or 

' ^tl^^ 's incubated in O.i nmole/ml of sodium meta 
penodate for 30 minutes at 22-0. Sodium bicarbonate- 
carbonate buffer (pH 9.5) is added to a concentration of 0.1 
u^Tl'JrT"^ i3 added to a concentration of 20^ 
Mmol/ml (with the concentration of DNA now at 202 nmol 
3'-ends/ml). Sodium borohydride is added to a concentra- 
ton of 375 Mmoles/ml, with a final DNA concentration of 
151 nmole 3*-ends/mI. The mixture is incubated at 4«C for 
3 hours and purified by Sephadex G-100 column 
Chromatography, eluting with 10 mM KPO, (oH 7 4) con- 
taining 100 mM NaCI. ' 

Preparation of Tyramine coupled to 5'-P-Probe DNA: 

100 pg of S'-P-DNA PI (or 11) (2.4 x 10' 8 mofes 
iT!^ 1 X 10-* moles/ml of 
i-ettTvrt.(3,3-dim8thyiaminopropyf)carbodiimide (EDAC) in i 
X 10-s moles/ml MES Buffer. pH 5.0 for i hour. Tyramine 
IS added to a final concentration of 3 x iQ-^ mol s/ml in a 
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final concentration of sodium bicartjonate-carbonate buffer 
(pH 9.5) of 1 X 10* * motes/ml, wrth a final DNA concentra- 
tion of 3 X 1 0" 3 moles 3*-ends/ml. The reaction is incubated 
for 12 hours at 22 'C. Punfication is accomplished by 
chromatography on a 2 x 50 cm Sephadex G-100 column 
eiuted with 10 mM KPO, (pH 7.4) containing 100 mM 
NaCI. 

Detection of Ml 3 mpS DNA: 

54 pg of DNA probe l-rG-HRP and 54 pg of DNA 
probe l-5'-P-tyramine are incubated with Ml3 mp8 DNA 
(0.1 pg to 1.0 pg) in 100 of 10 mM KPO. (pH 7.0) 
containing 100 mM NaCI at 22**C for one hour. H,Ot is 
added to a concentration of 1 x 10' ^ M by adding 2 \i\ of 
5.1 X 10* « M H,0, and tyramine is added to a con- 
centration of 3.3 X 10*8 M. The samples are vortexed and 
incubated for one hour at 22*C. The presence of Ml 3 mp8 
DNA is verified by exciting the samples in a microcuvette at 
500 nm and monitoring the emission at 520 nm. 

EXAMPLE 111 



HRP AS CATALYST, LUMINOL AS APOLUMINSCER, 
(OH- ) AS TRANSFORMATION RADICAL 



Preparation of Luminol conjugated to Probe DNA-rG: 

100 M9 (606 nnnol 3*-ends/ml) of DNA probe l-r<3 (or 
DNA PU-rQ) is incubated in 0.1 nmoie/ml of sodium meta 
periodate for 30 minutes at 22 "C. Sodium bicarbonate- 
carttonate txiffer (pH 9.5) is added to a cor^centration of 0.1 
mmote/ml. Luminoi is added to a concsntrabon of 20.2 
Mmoi/ml (with the concentration of DNA now at 202 nntole 
3*-ends/ml). Sodium bonshydride is added to a concentra- 
tion of 375 MnK]ie/ml), with a final DNA concentration of 
151 nmole 3'-ends/ml. The mixture is incubated at 4*0 for 
3 hours and purified by Sephadex Q-iOO coturrm 
chromatography, elating with 10 mM KPO* (pH 7.4) con- 
taining 100 mM NaCL 

Preparation of Luminol coupled to 5'-P-Probe DNA: 

100 of 5*-P-DNA PI (or II) (2.4 x 10" 8 mole 
3' -ends/ml) is incubated with i x 10'* mote/mi of 
1 -ethyl -(3.3'-dimethylaminopropyl)carbodiimide (EDAC) in l 
X 10" 5 mole/ml MES buffer. pH 5.0 for l hour. Luminol is 
added to a final concentration of 3 x 10* ^ moJe/ml in a final 
concentration of sodium bicartx)nate-carbonate buffer (pH 
9.5) of 1 X 10* moie/ml, with a final DNA concentration of 
3 X 10' 9 mole 3'-er>ds/ml. The reaction is incubated for 12 
hours at 22 *C. Purification is accomplished by chromatog- 
raphy on a 2 X 50 cm Sephadex G-iOO column eiuted with 
10 mM KPO* (pH 7.4) containing 100 mM NaCI. 

Detection of M13 mp8 DNA is carried out in the same 
manner as in the previous examples except that hybridiza- 
tion is detected by monitoring for light emitted at 430 nm. 

EXAMPLE IV 



Fe-EDTA AS CATALYST. OADCAFI AS APOLUMIN- 
SCER. (OH- ) AS TRANSFORMATION RADICAL 



Preparation of Fe-EDTA-DNA Probe: 

Triethyf ethylenediamin tetraacetate is prepared by the 
procedure of R. W. Hay and K. B. Nolan (J. Chem. Soc., 

5 Dalton Trans, pp. 1348-1351 (1975)). The mon- 
oaminopropyi derivative is prepared by the procedure of R. 
Hertzberg and P. Dervan (Biochemtstry 23:3934-3945, 
1984). 100 mg of triethyl ethytenediaminetetraacetate (0.27 
mmot) is combined with 48 mg (0.29 mmol) of cartxxryl- 

w diimidazole in 2.5 ml of dry dimethytformamide at 22^*0 for 
30 minutes. 2.6 ml of 1 .3-diaminopropane (31 mmoi) is 
added and the solution allowed to stir at 22°C for 24 hours. 
The product is purified and the triester blocking groups 
renwed l3y standard procedures. 

75 

Preparation of 5*-P-Fe-EDTA: 

100 pg of 5'-P-DNA probe (2.4 x 10*8 nDOle 3'endsrtTtl) 
is incubated with 1 x 10"^* rDol/ml of EDAC in 1 x 10"5 

20 moi/ml of morpfioiine sulfonic acid for 1 hour. 2.5 mg of 
EDTA- pnDpylamine is added to give a corK^entration of 2.4 
X 10" 6 rTX5i/m! in a concentration of sodium bicarixjoate- 
carbonate buffer (pH 9.5) o^ i x 10"* mol/ml, with a final 
DNA concentration of 3 x 10*9 mol 3'-ends/ml). The mix- 

25 ture is allowed to incubate for 12 hours at 22*'C. Purifica- 
tion is accomplished by chromatography on a 2 x 50 cm 
Q-100 column eiuted with 10 mM KPO4 (pH 7.4) containing 
100 mM NaCI. 

Detection of M13 mp8 DNA is canied out as above 

30 utiizing any appropriate probe combination, for example, 
DNA probe l-rG-EDTA-Fe DNA prtDbe II- 
5'-P-« OADCAFI; or DNA probe l-rO»DADCAFI : DNA 
Probe ll-EDTA-Fe. 

35 Clainift 



1. A polynucleotide probe of the formula 

40 (Y,"-Yn) 

wherein Y, through Yn are the same or different nudeotide 
moieties wfwch collectively form a polynucleotide sequence 
substantially complememaiy to a singie-stranded region of a 
45 target polyriucleotide anatyte; provided that at least one of 
nucleotide moieties Y, through Yn comprises a nucleotide 
having an apotuminescer attached thereto. 

2. A potynucleotide probe as claimed in claim 1 wherein the 
50 apoluminescer is a molecular species which when reacted 

with an (0H~ ) radical is converted to a luminescer. 

3. A polynucleotide probe as clamed in claim 2 wherein the 
apoluminescer is selected from activated diac8tyk£ch- 

55 loroftuoresctn, homovanillic acid, g-hydroxyphenytac8tic 
acid, tyrosine, tyramine, (uminol ar>d c-hydroxyproprionic 
acid. 

4. A potynucleotide probe composition comprising two poly- 
60 nucleotide probes of the formulas 

(X.-Xn) and (Y.--Yn) 

wherein 

65 

X, through Xn. which are the same or different, are 
nucleotide moieties which collectively form a potynucleotide 
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sequence sufistantially complementary to a single-stranded 
regon at a target polynucleotide analyto A; provided that at 
least one of nucleotide moieties X. through x„ comprises a 
moiety Z where Z compnses a nucleotide having a catalyst 
attached thereto capable of generation, from a substrate of 
a transformation radical which, in turn, is capat)le of iralis- 
forming an apoluminescer into a luminescer; and 

Y. through Yn, which are the same or different are 
nucleotide mceties which collectiveV form a polynuoleotide 
sequence substantially complementary to a single-stranded 
region of polynucleotide analyte A different from, but proxi- 
mate to. thejegion to which X, through X„ is compiemen- 
teiy; provided that at least one of nucleotide moieties Y, 
through Yn comprises a moiety 2' whem 2' comprises a 
nucteoode having an apoluminescer attached thereto ca- 
pawe to being transfomied into a luminescer by the trans- 
wmaton radwal generated by the activity of the catalyst of 
(X.-X„): further provided that (X,--X„) and (Y,™Y„ )are 
selected such that upon hybridization with A. the catalyst of 
(^.-■•Xn) IS sufficiently proximate the apoluminescer of ( 
Y,-Y„) to effect the desired transformation of 
aprtumineacer to luminescer upon introduction of the appro- 
pnate substrate. 

5. A polynucleotide probe composition as claimed in claim 4 
wnerein nis an integer from 2 to about 500. 

6. A polynuoleotide probe composition as claimed in claim 4 
or daim 5 wherein Z comprises a nucleotide having a 
(^telyst attached thereto capable of releasing an (OH-) 
radK:al from a substrate and Z' comprises a nucleotide 
,^!!Ek^ apoluminescer attached thereto which when reac- 
ted wrth a (OH- ) radical is converted to a luminescer. 

7. A method for detecting the presence of a target polv- 
nucleotide analyte in a sample which comprises: 

ilT^"^ h""^ """^^ »Vt)ridization conditions, 

a first and a second polynucleotide probe, the first 
probe having a catalyst attached thereto and the second 
probe having an apoluminescer attached thereto, both 
probes being substantially complementary to substantially 
muttjaliy exclusive single-stranded regions of the analyte 
such that upon hybridization of both probes with the analyte 
the catalyst and the apoluminescer are located 
enough to each other to pemtit the catalyst to release from 
tZ^T ^ ^^'^'^^ radical that subsequently trans- 
forms the apoluminescer to a luminescer; 

WMding the substrate for the catalyst, the substrate being 
capable of conversion to a transfomiation radical by the 
caalyst and the said radical being capable of convert ttm 
apoluminescer to a luminescer 

(c) irradiating the sample with incident light wHhln the ab- 
sorption spectrum of the luminescer; and 



(d) measunng the light emitted by the luminescer. 

s 8. A method as claimed in claim 7 wherein the said first 
and second polynucleotide probes are between 2 and about 
500 nucleotides in length. 

9. A method as claimed in claim 8 wherein the said first 
'0 and second polynucleotide probes are between s and 50 

nucleotides in length. « « au 

10. A method as claimed in any one of claims 7 to 9 
ri!!!!!? apoluminescer is as defined in claim 2 and the 

'5 caalyst IS capable of releasing an (OH-) radical from m 
substrate. 
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11. A method as claimed in claim. io wherein the 
apoluminescer is as defined in claim 3. 



12. A method as claimed in daim 10 or claim ii wherein 
^ "^ra^'sh peroxidase, hema- 

complexes and microperoxidase. and the 
substrate is selected from molecular oxygen, hydrogen per- 

hydroperoxxJe, chotesterol S-hydroperoxide and cumen 
hydroperoxide. 

13. A kit for detecting the presence of a target polv- 
30 nucleotide analyto in a sample which comprises: 

(a) a first polynucleotide probe having a catalyst attached 
thereto and which is substantially comptementary tij a first 
J!> smgle-sftanded region of the analyte; and 

inJh^^f^J!'''*** ^ apoluminescer 

attached thereto which is substantially complementary to a 

40 ^Z'^T^ rogion of the analyte; the^econd 
« region be.ng substantially mutually exclusive from the fiist 
""^^ such that upon hybridiza- 

tion of the lira and second probes with the anaMe. the 
caalysi and the apoluminescer ara dose enotJhVeS 
amer to pemw the catalyst to release from a substrate a 

J^^JT°" subsequentiy comrens th^ 

apoluminescer to a luminescer. 



substrate for the catalyst, the substrate being capable of 

amversion to a ttansformation radical by the catalyst and 
«» saKJ radical being capable of oonj^ the 
apolummesoer to a luminescer. 

" ILt ^ "^"^ *" '3 or 14 wherein said 

JTTf^^*" ^ '5 as defined in any of 

Claims 2, 3, 10 or 11. ' 
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